Objectives: Multidrug-resistant Acinetobacter strain HK302 was isolated from an outbreak of nosocomial infections in Switzerland in 1977. The aim of the present study was to assess whether this archive strain belongs to one of the known international clonal lineages of Acinetobacter baumannii and whether it harbours a genomic structure related to the AbaR1-like resistance islands.
Introduction
Acinetobacter baumannii strains resistant to most or even all clinically relevant antimicrobial agents are of growing concern in hospitals worldwide. 1 These strains have been associated, although not exclusively, with a small number of clonal lineages. 1 -3 Two of these lineages, termed European (EU) clones I and II, have been isolated worldwide, with their oldest known isolates dating back to 1987 and 1984, respectively. 1, 4 Even though it is assumed that these clones had been circulating among hospitalized patients even earlier, no such isolates have been reported yet.
Fournier et al. 5 identified an 86.2 kb resistance genomic island, termed AbaR1, integrated into the ATPase gene of an A. baumannii strain and harbouring 45 genes putatively associated with resistance to antimicrobials or biocides. Further studies have found that various related sequences were integrated into the same position of the ATPase gene in a number of genotypically unrelated A. baumannii strains 6 -8 and it was suggested that these sequences had arisen from an ancestral transposon related to Tn7. 9 So far, only two of these sequences (AbaR3 and AbaR5) have been shown to be highly similar to AbaR1 in terms of both the composition and the order of resistance genes. 6, 7 The three strains harbouring AbaR1, AbaR3 and AbaR5 were isolated in three continents between 1997 and 2004, and were found to belong to EU clone I. 5 -7 In 1977, a multidrug-resistant Acinetobacter strain was isolated from an outbreak of nosocomial infections in a Swiss hospital. 10 This strain (HK302) carried multiple resistance determinants, mostly associated with mobile genetic elements. 10 The genes encoding some of these determinants have later been shown to be associated with the AbaR1-like islands. 5 -7 In addition, the original data 10 suggested that HK302 harboured an 8.7 kb cryptic plasmid, which is typically found in EU clone I strains. 11 The aim of the present study was to test the hypothesis that strain HK302 belongs to EU clone I and harbours a structure related to the AbaR1-like resistance islands. 
Materials and methods

Bacterial strains
Strain HK302, originally recovered from the respiratory tract of a patient in the intensive care unit of Zü rich University Hospital, Switzerland, in 1977 10 and then stored in a lyophilized form, was revitalized for the purpose of the present study in 2005. Strain AYE was used as a positive control for the PCR detection and mapping of genes associated with AbaR1.
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HK302 characterization
Susceptibility to antimicrobial agents was assayed by Etest (BioMérieux, Marcy l'Étoile, France) using Mueller-Hinton II agar (BBL TM , BD, USA), as suggested by the manufacturer. Multilocus sequence typing (MLST) was based on sequence analyses of the internal portions of seven housekeeping genes (cpn60, fusA, gltA, pyrG, recA, rplB and rpoB), as described by Diancourt et al. 2 Analysis of rRNA gene restriction fragment length polymorphisms (RFLPs) (ribotyping) with the HindIII restriction endonuclease (Fermentas, Vilnius, Lithuania) and biochemical profiling based on the assimilation of six different compounds as the sole source of carbon were carried out as described previously.
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Gene detection and mapping
The presence of genes associated with AbaR1 was tested by PCR 12 using primers and annealing temperatures indicated in Table S1 [available as Supplementary data at JAC Online (http://jac.oxfordjournals.org/)]. The primers were derived from the known sequence of AbaR1 (GenBank accession no. CT025832). PCR mapping was carried out using a Long Range PCR Kit (Qiagen, Hilden, Germany), according to the manufacturer's protocol, with 1 mL of genomic DNA obtained by the method of Boom et al. 13 The cycling parameters for mapping reactions were as follows: initial denaturation at 938C for 3 min; first 10 cycles of 938C for 15 s, 56 -628C for 30 s and 688C for 1 min/kb; and then 28 cycles of 938C for 15 s, 56-628C for 30 s and 688C for 1 min/kb plus 20 s in each additional cycle. Amplicons were analysed by RFLP analysis using the AccI, ApaI, BfaI, BglI, BsmAI, ClaI, EcoRI, HincII, HindIII or StyI enzymes (Fermentas).
Sequence analysis
PCR products were purified using a QIAquick PCR Purification Kit (Qiagen) or, after visualization in agarose gel, using a High Pure PCR Product Purification Kit (Roche). Sequencing reactions were carried out using a BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) and the primers listed in Table S1 . Sequences were determined using an ABI 3130 XL genetic analyser (Applied Biosystems) and were analysed using BLASTN (www.ncbi.nlm.nih.gov/blast) and KODON software (Applied Maths).
GenBank accession numbers
The sequences of parts X, Ya and Yb of the HK302 island ( Figure 1 ) have been deposited in GenBank with the accession number HM357806.
Results and discussion
Strain HK302, isolated in 1977, was originally identified as Acinetobacter calcoaceticus subsp. anitratus, according to the taxonomy of that time. 10 In the present study, MLST was used to determine the precise taxonomic position of HK302, at the species and subspecies (clonal) levels. HK302 showed the allelic profile 1-1-1-1-5-1-1 (sequence type ST1), which is typical of A. baumannii EU clone I (clonal complex CC1) and is considered the founder genotype of this lineage. 2 In addition, HK302 yielded a HindIII ribotype identical to that of the reference strain of EU clone I and belonged to biotype 6, which is characteristic of EU clone I strains. 11 Thus, HK302 seems to be a typical member of EU clone I, currently being the oldest known strain belonging to this clonal lineage. The results of antimicrobial susceptibility testing of HK302 based on Etest were as follows (MIC in mg/L): gentamicin (384); netilmicin (16); kanamycin (.256); tobramycin (3); amikacin (12) 10 which is indicative of no substantial changes in the susceptibility of HK302 over the storage period.
Previous studies showed that AbaR1 and most of the related islands were integrated into the same position of the ATPase gene. 5 -7 In HK302, the presence of the ATPase gene was confirmed using two separate PCRs targeting, respectively, the 3 ′ and 5
′ ends of the gene (Table S1 ). In addition, the disruption of the ATPase gene by an integrated sequence was revealed by the negative result of PCR with two primers derived from the 3 ′ and 5
′ ends of the gene (3ATP-F and 5ATP-R, respectively; Table S1 ). The precise location of the integrated sequence was assessed by sequence analysis with primers targeting the junctions between the sequence and the ATPase gene (Table S1 ). The results corroborated that the integrated sequence was located at the same position of the ATPase gene as known for AbaR1, AbaR3 and AbaR5. In addition, both ends of this sequence ( 300 bp each) were identical to those of AbaR1, AbaR3 and AbaR5, including the flanking 5 bp perfect direct repeats (ACCGC) and short imperfect terminal inverted repeats (19/26 bp matches). 5 -7 To investigate the structure of the putative genomic island of HK302, we first screened for the presence of genes harboured by AbaR1. Of 25 genes tested, 18 were identified in HK302 (indicated by striped arrows in Figure 1 ), which suggests that some AbaR1 genes are missing in this strain (i.e. bla VEB-1 , aadB, arr-2, strA, strB, cmlA1 and dfrA1). Notably, all these missing genes are part of a 29 kb region located in AbaR1, but are absent from AbaR3 and AbaR5. 5 -7 As the next step, the structure of the HK302 island was investigated using PCR mapping with primers derived from the AbaR1 genes found in HK302 (Table S1) , followed by RFLP analysis of amplicons. The results are summarized in Figure 1 . The HK302 island was completely mapped by 13 overlapping long-range PCRs. The comparison of amplicons obtained with the same sets of primers from both HK302 and AYE, and their RFLP patterns suggested that 11 amplicons (marked by unbroken lines in Figure 1 ) were of the same size and structure in both strains. Two remaining amplicons of HK302, termed X (7.7 kb) and Y (5.6 kb), differed from those obtained from AYE and were sequenced using primer walking (Figure 1) . Region X encompassed a part of transposon Tn6018, the topA gene and four other genes. Sequences nearly identical to region X are present in both AbaR3 (4417/4422 matches; GeneBank accession no. CP001182) and AbaR5 (4419/4422 matches; FJ172370) at the same position as in the HK302 island (Figure 1 ). Partial sequencing of region Y revealed that its ends corresponded to the AbaR3 region harbouring transposon Tn3 associated with the bla TEM-1 gene. 6 RFLP analysis of this region with the BfaI enzyme yielded fragments of the sizes predicted from the AbaR3 sequence, indicating that this region is identical to that in AbaR3. Based on these results, it could be concluded that strain HK302 harbours a 63.4 kb resistance island that is structurally congruent with AbaR3. Even though AbaR3 was originally reported to be sized only 49 kb, 6 its corrected size based on the AbaR3 GenBank sequence (CP001182) is 63.4 kb.
Devaud et al. 10 reported HK302 to possess multiple acquired mechanisms that confer resistance to aminoglycosides, b-lactams, chloramphenicol, tetracycline and sulphonamides. Although these mechanisms were shown to be chromosomally encoded, some laboratory variants of HK302 had less extensive resistance patterns. One of these variants lost both phosphotransferase APH(3 ′ )-I (resistance to kanamycin) and TEM b-lactamase (ampicillin) activities, and its resistance to other antimicrobials was transferable to another strain using a helper plasmid. Additional experiments indicated that this transfer was due to the transposition activity of an 24 kb DNA sequence encoding acetyltransferase AAC(3)-I (gentamicin), adenyltransferase AAD(3 ′′ ) (streptomycin) and chloramphenicol-inactivating enzyme, and conferring resistance to sulfamethoxazole and tetracycline. As shown in Figure 1 , all genes corresponding to the mentioned resistance mechanisms, i.e. tet(A), catA1, bla TEM-1 , aphA1, aacC1, aadA1 and sul1, are clustered in a large fragment of AbaR3 that was probably derived from a Tn21-like transposon by the successive integration of additional transposable elements, such as Tn3 with bla TEM-1 or Tn6020 with aphA1.
7 It is, therefore, likely that the variant strain lost the region encompassing the last two adjacent elements while retaining the transposable 24 kb sequence.
It has been recently suggested that AbaR1-like sequences in A. baumannii arose from a Tn7-related transposon, termed TnAbaR1, which successively accumulated multiple transposable elements associated with resistance genes. 9 Sixteen TnAbaR1-related sequences have so far been described in A. baumannii, seven of which have been fully sequenced. 5 -9,14 Three large islands, i.e. AbaR1, AbaR3 and AbaR5, were found to be highly structurally related to each other and to be carried by strains of EU clone I. Our finding that an isolate of EU clone I from 1977 harbours an AbaR3-like island indicates that these sophisticated genomic structures were associated with this clonal lineage already in the late 1970s. As resistance mechanisms encoded by AbaR3 are effective against many antimicrobial drugs used at that time, it can be speculated that the selective advantage provided by AbaR3 or its variants may have played a role in the spread of EU clone I in European hospitals in the 1980s. 
